Abstract In this study, juvenile beluga (Huso huso) was fed by the diets containing different carbohydrate to lipid ratios for 5 months. At the end of culture period, proximate compositions of the fish carcasses (moisture, protein, lipid, and ash) were measured. Then, qualitative changes in the fishes were evaluated during 6 months frozen storage (−20°C) along with recording changes in their Total Volatile Bases Nitrogen (TVN), Thiobarbituric Acid (TBA), Free Fatty Acids (FFA), pH, and muscle texture profile analysis. The results of proximate analysis of the carcasses showed that moisture, protein, and ash of the carcasses increased significantly (p<0.05) with higher carbohydrate to lipid ratio, but lipid content of the carcasses decreased significantly (p<0.05). Also, during frozen storage, TVN, TBA, and FFA increased significantly in all the samples (p<0.05). Significant differences were detected in pH of the treatments (p<0.05), but these changes didn't follow a regular pattern in all the treatments. The results of muscle texture profile analysis showed lower chewiness, hardness, and gumminess during the first 3 months of frozen storage; however, after 6 month, the values increased significantly compared to those in 3 months. Different characteristics of texture showed significant differences in the treatments during frozen storage (p<0.05), although these changes didn't follow an identical pattern in all the treatments. It can be concluded that carbohydrate higher than 27% in diet has had adverse effect on quality of fillets during frozen storage. However, lipid levels used in the present study haven't had significant influence on quality of the fillets during the preservation.
Introduction
Fish is one of the most important sources of animal protein available in the topic and has been widely accepted as a good source of protein and other elements for the maintenance of healthy body (Arannilewa et al. 2005) . Fish tissue protein is characterized by a very desirable composition of amino acids and also is a rich source of group B vitamins and is rich in vitamins A and D (Zmijewski et al. 2006) . Fish lipids have gained more importance because of the presence of health beneficial omega-3 polyunsaturated fatty acids (PUFA). These PUFA viz, eicosapentanoeic acid (EPA) and decosahexanoic acid (DHA) play a crucial role in the prevention of atherosclerosis, heart attack and etc. (Stephen et al. 2010) .
Qualitative factors of fish involve various aspects such as color and appearance, texture, nutritional value, i.e. protein, essential amino acids, lipid, fatty acids and their composition, vitamins, minerals, trace elements, and more importantly, resistance against oxidation. Quality of fish and products prepared from, it is affected by various factors such as fish size and diet. Of course, some factors, such as genotype, age, sex, physiologic status, inherent composition of fish, and some environmental factors are also of importance (Lie 2001) .
Sturgeons are considered as the most valuable fish in the world, among which beluga can play a crucial role in production of meat and caviar thanks to its rapid growth and high adaptation capability. Following high production of young sturgeons during early 1980s, sturgeons culture has been founded in many countries such as Italy, the US, etc. (Hung and Deng 2002) .
During the past few years, sturgeon culture has gained higher importance. Considering long culture period of these fishes, economical preparation of diet is of prominent issues. To obtain cheaper diet, non-protein energy sources, e.g. carbohydrates and lipid, which are cheaper, should be used. On the other hand, one of the effective factors on quality of fish flesh, which has received a high attention, is fish nutrition, because this factor can be said to affect all qualitative factors of carcasses and also affect fillets' shelf life (Lie 2001) .
It is noteworthy that the higher lipid level and lesser carbohydrate level in diet, the more lipid accumulation in fish body. Since lipid decay rapidly due to their unsaturated fatty acids, they would lead to a faster decay of fish muscle during preservation (Pirini et al. 2004) .
Decaying results in unfavorable odor, taste, and color and alteration in fish fillets' tissue (Hernandez et al. 2009 ). Although several studies have shown that lipid content of diet affect qualitative characteristics of fish carcass during preservation, relative data about sturgeons is limited.
Shelf life of fresh fish depends on bacteria flora, preservation temperature, characteristics of transportation, and physiological properties of fish (Abbas et al. 2008) . Because the environment negatively affects fish, it must be consumed immediately after fishing or must be stored under suitable conditions to reach consumers without losing its nutritional value (Izgi and Ciftcioglu 1997) .
Bacteria growth, enzymatic changes, and biochemical reactions are greatly affected by preservation temperature. Preservation of fish at low temperature leads to reduced rate of both enzymatic and chemical reactions. As a result, freezing is broadly used to preserve sensory properties and nutritional value of fish (Lugasi et al. 2007) , also the demand for using frozen products has increased in the last years (Nielsen et al. 1994) .
Freezing is one of the best methods for fish preservation and has been employed increasingly both on shore and fishing vessels (Begona 1999) . The purpose of frozen storage of seafood is to extend its shelf life and to limit microbial and enzymatic activity which causes deterioration (Atayeter and Ercoskun 2011). However, fish and fish products undergo several chemical and physical changes during frozen storage. These changes adversely affect frozen-fish product quality and storage stability (Al-Bulushi et al. 2011) . Although, microbial deterioration of fish muscle can be inhibited by frozen storage, fish proteins undergo a number of changes that affect the flavor and texture of flesh (Aubourg et al. 1998) . Also, lipid decay has been proved to occur during frozen storage (Badii and Howell 2001) . Frozen fish are usually kept in the form of fillets. Filleting, also, can harmfully effect on quality of frozen fish (Ciarlo et al. 1985) .
Knowledge about sensory and chemical variations in sturgeon fillets and shelf life for the fish is confined to a few studies. Therefore, the present study aimed at evaluation of some qualitative variations in frozen fillets of beluga (Huso huso) fed by different carbohydrate to lipid ratios.
Materials and methods
Fish sample Juvenile beluga was obtained from Voshmgir Dam Proliferation and Culture Center for sturgeons placed in Golestan Province, Iran and then they were taken to Aquaculture Researches Center of Agricultural Sciences and Natural Resources University of Gorgan. The fish was 1-year-old and average weight of fish was 300±7.3 g. The fish were kept in the lab for 4 weeks for adaptation to the lab condition. During this time, they were fed by commercial diet.
Diet Six experimental diets with identical protein and gross energy contents were prepared. Averages of protein and energy contents of the diet were 40.2% and 16.56 kJ/g, respectively. Fish powder and gelatin, and corn starch were used as protein and carbohydrate sources, respectively. Equal amounts of fish oil and canola oil were used as lipid source.
Before use, nutritional ingredients were analyzed and the data resulted from proximate analysis of diet was used for diet balancing. For preparation of the diet, the ingredients were first mixed thoroughly and next, pellets (4 mm in diameter) were produced. The foods were dried in room temperature and then they were kept in freezer at −20°C. After 4 weeks adaptation, the fish were fed by the experimental diet for 5 months. Ingredients and nutrient composition of the experimental diets are given in Table 1 .
Experimental design After 4 weeks adaptation, 72 fish sample with a primary weight of 355 ± 1.31 g were randomly divided into six treatments. Eighteen tanks were used and each treatment consisted of three replicates. Each replicate was represented by one tank and four fish were placed in each tank. Five hundred-liters fiberglass tank were used for culture.
Feeding The fish were fed twice a day (0800 and 1700 h) based on 2% of body weight for 5 months by hand until they reached mean weight of 1300±13.7 g. The feed intake was checked at each feeding: all the supplied feed was consumed and no rejection was recorded during the trial. The fish biometry was done monthly and given food was calculated according to body weight gain. Water in each tank was exchanged daily at a rate of 80% volume and supplemental aeration was provided to maintain the dissolved oxygen level near saturation. Water quality parameters were monitored during the experimental period. Water temperature, dissolved oxygen and pH were measured periodically in each experimental tank by a water checker (Horiba u 10, Japan). The Average water temperature, dissolved oxygen and pH in all treatments were 21±1.5°C, 6.4 ±0.5 mg L −1 and 8.1±0.5, respectively.
Sampling methods At the end of feeding period, 24 h after the last feeding, six fish of each treatment (two fish from each of the iterations) were sampled and slaughtered. Then, they were skinned and filleted after gutting. The samples of each treatment were separately packed in polyethylene bags and they were frozen for 5 month at −20°C. Proximate composition of fish carcasses were estimated in the first day of sampling. Changes in qualitative parameters of the sampled fillets (TVN, TBA, FFA, pH, and and muscle texture profile analysis) were evaluated in various frozen times (0, 1, 3 and 6 months).
Proximate composition of carcasses In order to specify proximate composition of fish carcasses, all fish of each treatment were mixed together and then they were homogenized. Of these homogenized tissues, three samples were chosen as experimental replicates. After that, carcasses' compounds were estimated for each of the treatments on the basis of standard method of AOAC (1995) as follows: Crude protein through khjeldal method using digestion and dilution set (Gerhardt, type VAP.40, Germany), Crude lipid through petroleum ether and Soxhlet set (Gerhardt, type SE-416, Germany), Moisture using oven set (Binder, USA) for 24 h at 105°C, Ash through electric kiln (Nabertherm, Germany) for 8 h at 550°C.
TVN TVN content of the samples was measured through dilution and titration method (Watabe et al. 1991) . The resulted concentrate from the dilution was titrated with sulfuric acid 0.1 N and concentration of volatile nitrogenous bases as mg nitrogen per 100 g of the sample (Hasegawa 1987) .
TBA TBA was measured through colorimetric method and absorption was measured in 538 nm and compared to control sample (malonaldehyde standard) (Kirk and Sawyer 1991) .
TBA mg malonaldehyde per kg of the sample ð Þ ¼ 7:8 Â absorption read FFA In order to estimate free fatty acids, Egan et al. (1997) method was employed and free fatty acid content was obtained in terms of percentage of oleic acid.
pH measurement Two grams of fish muscle was agitated and homogenized in 10 ml of distilled water. Then, the samples' pH was measured via digital pH-meter (type 1/ 713.0010, Switzerland) set in room temperature.
Muscle texture profile analysis The fillets were first taken out of freezer so as to reach ambient temperature in sufficient time. Then, three cubes (1×1×1 cm) were separated from each fillet. Each cube was pressed in two stages by TPA, Texture Profile Analyzer, (Lfra 4500, U.S. A.) set. For this end, plastic cylindrical probe, 2.54 cm in diameter (TA 1000), speed of 0.8 mm per second, 25% of (Garling and Wilson 1977) deformation, and trigger-point of 22.5 was used. Load cell of the set was 5 kg.
Hardness is defined as the peak force during the first compression cycle (first bite) in Newtons. Cohesiveness is defined as the ratio of the positive force area during the second compression portion to that during the first compression, excluding the areas under the decompression portion in each cycle. Cohesiveness is dimensionless. Springiness (originally called elasticity) is defined as the higher that the food recovers during the time that elapses between the end of the first bite and the start of the second bite. Results are expressed commonly in mm. Adhesiveness is defined as the negative force area for the first bite. Representing the work (N × mm) necessary to pull the plunger away from the food sample. Gumminess is defined as the product of hardness × cohesiveness in Newtons. Gumminess only applies to semisolid products. Chewiness is defined as the product of gumminess × springiness (which is equivalent to hardness × cohesiveness × springiness). Chewiness measured a work (N × mm) and only applies for solid products (Sanchez-Alonso et al. 2010) .
Statistical analysis Statistical analysis of the data, except proximate composition analysis was done on split-plot experimental design through SAS software. In order to find significant differences in 5% significance level between the data resulted from each index in different times, LSD test was used. Proximate composition was analyzed by OneWay ANOVA using SPSS program version 16. All data were expressed as mean ± standard deviation in triplicate groups.
Results and discussion
The data derived from analyzing beluga's carcasses were shown in Table 2 . The results show that fish body's compounds were significantly affected (p<0.05) by carbohydrate to lipid ratio of diet. Moisture, protein, and ash content of the carcasses increased significantly with increase in carbohydrate to lipid ratio, while lipid content of the carcasses decreased significantly.
In this study, moisture content of the carcasses increased with increase in carbohydrate to lipid ratio. This is consistent with the result obtained from the study of Hu et al. (2007) on Sea Bream and Gao et al. (2009) on Grass Carp. Protein and ash content of carcasses increased significantly with increase in carbohydrate to lipid ratio but there is a slight trend to increase. It probably is only a reflection of the lower lipid content in the muscle. Lipid content of the carcasses increased with higher lipid level in the diet. Lipid level of the carcasses is affected by lipid and carbohydrate contents of the diet and lipid content of the carcasses increase with higher lipid level of the diet. The same results were derived about rainbow trout (Lee and Putnam 1973; Reinitz and Hitzel 1980; Brauge et al. 1993) , channel catfish (Garling and Wilson 1977) , tilapia (El-sayed and Garling 1988), reddrum (Ellis and Reigh 1991; Serrano et al. 1992) , walking catfish (Erfanullah and Jafri 1998), yellowfin seabream (Hu et al. 2007) , and grass carp (Gao et al. 2009 ). There is a reverse correlation between carbohydrate levels of the diet and lipid content of the carcasses (Hilton and Atkinson 1982) so that increase in carbohydrate suppresses unfavorable lipids accumulation in the carcasses (Erfanullah and Jafri 1998).
During frozen storage, muscle tissue protein denatures due to formation of ice crystals which is a consequence of dehydration (Simeonidou et al. 1997 ). Lower quality protein of frozen fish can be attributed to preservation temperature, temperature fluctuations during the preservation, moisture variations, duration of preservation, and enzymatic decomposition (Bauchart et al. 2007) .
Measurement of TVN level shows proteins breakage owing to enzymatic and bacterial activities which results in production of amines and lower nutritional value (Kerr et al. 2002) and is generally considered as one of spoilage indices in meats. The data related to TVN was given in Table 3 . The results showed that TVN amounts in the samples had a significant increase (p<0.05) during the preservation. TVN amounts of different treatments showed significant difference (p<0.05) in all treatments. The treatments 5 and 6 showed the highest values of TVN. The results of the present study showed that TVN values in the samples in time 0 ranged between 17.7 and 20.09. According to Connell (1995) , when TVN value exceeds 30 mg/100 g tissue, the fillet is not suitable to use. In this study, the results indicated that after the fillets were preserved in freezer for 6 months, the highest TVN value was 25.74 mg N/100 g tissue which is lower than permissible value reported by Connell (1995) . Similarly, Simeonidou et al. (1997) reported that TVN value of horse mackerel increased during frozen storage. Same results have been reported for other fish species preserved in freezer (Ciarlo et al. 1985; Reddy et al. 1992; Erickso and Thed 1994) .
TVN levels among the treatments were different during various storage times and generally increased from the treatment 1 to the treatment 6, but this increase was significant only in the treatment 6. The obtained results from carcasses analyses showed that protein level of the carcass had an increasing rate from the treatment 1 to the treatment 6.
Lipid oxidation, which occurs in raw materials during preservation, processing, and also in final product during other steps of preservation, is one of the main processes that brings forth sourness of foods (Selmi and Sadok 2008) . Lipid oxidation in frozen fishes was measured through measurement of TBA index. This index is usually used so as to evaluate Lipid oxidation level and secondary products resulted from Lipid oxidation, which usually involved aldehydes or carbonyl which results in unfavorable odor and taste of Lipid or product (Lin and Lin 2005) . Lakshmanan (2000) proposed the range of 1-2 mg malonealdehyde per kg Lipid as redline of TBA in fish.
The data related to TBA was given in Table 4 . The results showed that TBA levels increase significantly (p<0.05) in all the treatments during the preservation. Among the treatments, TBA values increased with increased carbohydrate to lipid ratios from treatment 1 to treatment 6 and the highest value was seen in treatment 6. According to Lakshmanan (2000) , TBA values in treatment 5 and 6 of the present study after 3 months of frozen storage were higher than permissible value; however, in other treatments, this value exceeded the permissible level after 6 months of preservation. Similarly, Ng and Bahurmiz (2009) reported that after 30 weeks of frozen storage at −20°C, TBA values in tilapia fillets increased. Also, after 6 months of storage at −20°C, Stephan et al. (1995) found that TBA values in turbot fillets increased .TBA value in Atlantic salmon preserved in freezer for 4 months significantly increased (Regost et al. 2004) .
FFA is one of the indices of fat spoilage whose increase after fish death and during preservation indicates hydrolytic spoilage of Lipid (Shewfelt 1981) . FFA, resulting from lipid hydrolysis, may accumulated during storage and accelerate quality deterioration (Saeed and Howell 2002) . However, FFA has not been reported to directly cause quality defects. Also, FFA greatly affects proteins denaturation which leads to lower quality of tissue (Losada et al. 2004 ). FFA value depends on duration and temperature of storage (Aubourg and Medina 1999; Roldan et al. 2005) . FFA has been found to produce some compounds with low molecular weight during oxidation leading to unfavorable flavor in fish and final products (Refsgaard et al. 2000) . Glycerides, glycolipids, and phospholipids are hydrolyzed by lipase enzymes and converted to free fatty acids. They are converted to aldehydes and ketones as lipid oxidation continues. Thus, determination of FFA levels can be named as a good index so as to indicate influence of lipolytic enzymes on fish Lipid and other meat products (Aubourg 2001). Accumulation of free fatty acids in fish flesh brings about unfavorable taste and tissue damages due to bonding to protein of flesh (Mai and Kinsella 1980) . The data related to FFA was given in Table 5 . FFA levels increased significantly (p<0.05) among all the treatments during the preservation. The results showed that among different treatments, increased FFA levels were seen with increased carbohydrate to lipid ratio of diet and the treatment 6 showed the highest FFA value.
Phospholipids are readily decomposed during frozen storage and produce free fatty acids. The produced FFA is probably resulted from decomposition of phospholipids which is due to low stock Lipid content in the carcasses in treatment 6. Considering higher sensitivity of this group of Lipids to hydrolytic spoilage, it resulted in higher FFA level in this treatment. This is consistent with the results obtained from the study of Simeonidou et al. (1997) on horse mackerel and Mediterranean hake preserved in freezer. Also, Aubourg and Medina (1999) found that FFA values in cod and haddock increased during frozen storage. Huss (1988) stated that primary pH of fish after death depends on species, catching method, and season. Physiologic status or activity or stress degree before death can have a significant influence on speed and development of autolytic changes and consequently, on pH of flesh after death (Hiltz and Dyer 1971) . After fish death, due to formation of lactic acid through glycolysis, pH decreases (Woywoda et al. 1986 ). After occurrence of glycolysis, autolytic changes, e.g. denaturation and protein breakage, prepare suitable situation for growth and development of microbes which may increase pH (Parkin and Brown 1983) . Fresh fish were used in the present study. The pH of samples didn't increase which is possibly due to lower contamination of the fish. Table 6 shows relative data about pH levels. The pH ranged between 6.27 and 6.98. Although a significant difference (p<0.05) was seen between pH levels during different preservation times in different treatments, there was no regular pattern in these changes. Simeonidou et al. (1997) reported that pH of horse mackerel preserved at −18°C significantly increased during the preservation period. Same results were obtained in Ciarlo et al. and Hennigar et al. (1989) . Rostamzad et al. (2011) reported that pH of Persian sturgeon didn't change significantly during the storage period. Other studies, also, showed that frozen storage has no significant effect on pH variations during the storage (Aubourg et al. 2004) .
Characteristics of texture of fish flesh depend on some inherent biological factors which are related to density of muscle fiber which is consisted of both Lipid and collagen. Fish death and microbiological processes result in softness of fish tissue and lower elasticity. In the present study, hardness was significantly correlated with preservation duration (Olafsdottir et al. 2004) . Although measurement texture characteristics are not a reliable index of spoilage, they can be used so as to confirm the results obtained from physicochemical, microbiological and sensory analyses. Among different parameters of texture, hardness reflects muscle texture in a better manner and so, it can better describe freshness of fish fillet.
Some characteristics, e.g. gumminess and chewiness, are more affected by rigor mortis rather than decomposition of Tables 7, 8 , 9, 10, 11, 12. The results showed that hardness, chewiness and gumminess levels decreased significantly during the first 3 months of freezing, but the values increased with continuation of freezing to 6 months however, This increase can be attributed to loss of fillets' moisture. Adhesiveness and cohesiveness values didn't obey a regular pattern during the preservation. Springiness value increased after 6 months of the preservation. Regost et al. (2001) state increasing in fillet lipid of brown trout (Salmo trutta) has no effect on texture properties.
Variations of hardness, adhesiveness, cohesiveness, chewiness, springiness, and gumminess values didn't follow a clear pattern. Therefore, various carbohydrates to lipid ratios in diet can be said not to have special effect on beluga fillets during frozen storage.
Conclusion
Because nearly 60% of fish culture cost is related to fish food, use of suitable and inexpensive diet is of great importance for economic aquaculture. Use of energetic nonprotein resources (carbohydrates and lipid) in fish diet, which are cheaper than protein, can play a prominent role in food cost reduction and fish production. Considering long period for beluga culture and other sturgeons, use of carbohydrate and lipid in diet is effective in reducing the relative costs. It is noteworthy that fish diet affects quality of fish fillet. On the basis of the results obtained from the present study, carbohydrate higher than 27% of diet negatively affects the quality of fillet during frozen storage; however, dietary lipid has no effect on quality of beluga fillet during the preservation. In conclusion, carbohydrate higher than 27% of beluga diet is not recommended; however, more studies have to be done.
